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SHELL  IEVELOIMENT  CC1-SPANY 
Emeryville,  California 
January  23,  1951 

Contract  Ho.  H9onr-87500 
-87501 

Project  No.  NR  055  205 

ABSTRACT 

present  Technical  Report  No.  VI,  covering  the  quarter 
September  1  to  November  30,  1950,  in  continuation  of  the  trend  developed  in 
the  previous  quarter,  discusses  the  preparation  and  evaluation  of  phosphonates 
as  potential  lubricants  and/or  hydraulic  fluids,  to  the  exclusion  of 
phosphi nates  and  phosphine  coddes,  as  the  latter  two  classes  of  compounds 
have  not  appeared  premising.  The  total  numbers  of  preparations  of  this 
period  are  as  follows:  phosphine  oxides,  0  (total  for  six  quarters,  30); 
phosphlnates,  0  (19)  phosphonates,  18  (53);  phosphates,  0  (2)  miscellaneous, 
1  (11);  grand  total;  19  (95)-  The  number. of  phosphonates  (18)  can  be  broken 
down  in  this  manner:  2  monophoephonates  for  use  as  intermediates;  3  mono- 
phoephonates  for  evaluation)  6  polyphosphonates  for  evaluation,  of  which  4 
were  bis- compounds;  and  7  repeated  syntheses  of  promising  compounds  as 
^bottoms- products 5,  that  is,  the  materials  were  not  distilled.  The  latter 
were  evaluated  to  ascertain  whether  or  not  they  still  retained  their  favorable 
characteristics  on  elimination  of  the  tedious  molecular  distillation  to  which 
they  had  previously  been  subjected.  In  general,  this  they  appeared  to  do 
very  satisfactorily  in  the  bench  scale  evaluations  which  are  continuing. 

Biotor  Laboratory  evaluations  have  been  accelerated,  still  using  commercial 
materials  for  orlentatlou  studies  in  Fesco  gear  pumps,  cold  and  hot  Lauson 
engines  and  spur  gear  load  carrying  capacity  teats. ^larger  scale  preparations 
(ca.  5  gallons)  are  now  underway  to  provide  materia jT^or  much  more  extensive 
testing  of  a  few  of  the  most  attractive  materials.  \ 
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I.  introduction  and  Summary 

From  the  evaluation  data  presented  in  Technical  Reports  I  through  V 
It  has  become  evident  that  of  the  following  classes  of  organo- phosphorus 
compounds- -phosphine  oxides,  monoalkanephosphinates,  dlalianephosphlnates , 
and  phosphonates— the  phosphorates  show  the  most  promise  of  application  as 
lubricants  and/or  hydraulic  fluids.  When  blended  with  additives,  certain  of 
the  mono-  and  bls-phosphonates  have  shown  some  properties  equal  to  or  better 
than  commercially  available  produots. 

In  view  of  this  evidence  the  majority  of  the  present  synthesis  work 
has  been  devoted  to  the  preparation  of  new  phosphonates  and  to  the  synthesis 
of  a  number  of  premising  phosphonates  as  bottoms- products.  This  latter  effort 
has  entailed  the  preparation  of  200-300  cc.  quantities  of  undietllled  material 
in  such  a  manner  that  the  process  could  be  carried  out  in  a  small  pilot  plant. 
In  seme  cases  the  Lubricants  and  Fuels  Department  found  these  bottoms- producte 
to  be  actually  superior  to  the  laboratory  samples  that  had  been  carefully 
purified  by  distilling  through  a  molecular  still, 

II.  Derivatives  of  Phosphorous  Acid 

in  carrying  out  the  synthesis  of  a  large  number  of  the  compounds 
described  in  earlier  reports  tributyl  phosphite1 2!  ha®  been  used  as  one  of  the 
starting  materials.  This  phosphite  was  employed  because  it  was  then 
comas rcially  available  and  experience  in  This  laboratory  on  other  problems 
had  shown  the  n- butyl  group  to  impart  good  rheological  properties.  In  order 
to  synthesite  c  mpeunda  of  higher  molecular  weight  another  phosphite, 
trie  (  3,5,5-trimethylhexyl)  phosphite,  has  been  prepared  for  use  ae  a 
starting  compound. 

A.  Trio  (3.5.5- trlaethy<lhexyl)  phosphite.  (091190)3? 

This  ester  was  made  by  reacting  3,5>5**rlmsthyihsganol  with 
phosphorus  trichloride  in  the  presence  of  pyridine. 

A  reaction  flask,  surrounded  by  &  cooling  bath  at  0* 
to  15*0,  was  charged  with  880  g.  (6.1  moles)  of  3,5,5- 
trimethylhexanof/M^  g.  (6.1  moles)  of  pyridine  and 
1300  cc.  of  toluene.  To  this  solution  was  added  slowly 
with  stirring  275  g.  (2.0  moles)  of  phosphorus  trichloride 
In  300  cc.  of  toluene.  When  addition  was  complete,  the 
reaction  mixture  was  allowed  to  stand  overnight  at  roaa 
temperature,  and  then  filtered  to  remove  pyridine  hydro¬ 
chloride.  After  flaahiJ*  off  the  toluene  the  residue 

1)  A  recent  letter' frosTne  dn  Font  Co.  (U-1A-50)  advimss  TSSt  they  no 
longer  manufacture  this  compound. 

2)  Readily  available  as  "fcnyl"  alcohol  by  the  Gro  reaction. 


feiHI 


-3- 


Report  No.  8-13255 


was  distilled,  from  a  Clalsen  flask.  There  was  recovered 
846  g.  (1.84  moles)  of  product,  "boiling  at  170-l8o*C  at 
0.1  rm.  This  represented  a  $1.8  per  cent  conversion  on 
the  charged  phosphorus  trichloride.  Other  properties  of 
the  compound  are  given  in  Table  1  and  the  his-phoephonate 
prepared  by  reacting  with  bis  (2-brcooethyl)  ether  is 
described  in  another  section  of  this  report. 

Ill .  Derivatives  of  PhoBphonic  Acid 

From  evidence  presented  in  status  Report  7  it  was  shown  that  of 
the  organo-phosphorus  compounds  studied  the  phosphonates  shoved  the  most 
promise  of  application  as  lubricants  and  hydraulic  fluids,  in  view  of  this, 
synthesis  work  was  devoted  mainly  to  preparing  mono-  and  p^lyphosphonates. 

A.  Monophosphonates 

1.  Ble(2-trocoethyl)  bensenephosphonate .  CgH^P0(0C^CB^Br)2 

2.  Bltf 2-chloroethyl)  benxenephosphonate .  CgH^POfOCIkCBgC- )2 

These  two  compounds  were  prepared  to  use  as  intermediates  in 
the  preparation  of  a  triphosphonate  and  to  be  evaluated  themselves.  They 
were  made  by  reacting  benzenephosphonlc  dlchloride  with  the  halohydrin  in 
the  presence  of  pyridine.  The  experiment  for  the  chlorohydrln  follows: 

Into  a  flask  equipped  with  a  stirrer  and  cooling 
bath  was  charged  322  g.  (4.0  moles)  of  ethylene  chloro¬ 
hydrln,  317  g.  (4.0  moles)  of  pyridine  and  1200  g.  of 
toluene.  To  this  was  slowly  added  370  g.  (1.9  moles) 
of  bonzonephoephonlc  dlchloride.  When  all  the  dlchloride 
had  been  added,  the  mixture  was  allowed  to  stand  over¬ 
night  at  room  temperature.  After  filtering  the  pyridine 
hydrochloric*,  the  solution  was  washed  and  then  after 
remove  ;  of  the  toluene,  was  distilled  through  a 
molecular  still.  The  halide  appeared  to  hydrolyse 
easily  on  treatment  with  dilute  sodium  hydroxide. 

Other  properties  are  given  in  Table  1. 

3.  Pi -tv- butyl  3,3,^-trimethylhsTsnephogphonate.  C^Hp^P0(0 H<^2 

The  3,5,5-trimethylhexyl  derivatives  already  prepared  and 
described  have  shown  good  oxidation  and  corrosion  characteristics.  To  study 
a  compound  with  this  group  attached  directly  to  the  phosphorus  atom,  tributyl 
phosphite  baa  been  reacted  with  3,5,5*triaethylh*xyl  bromlds.  The  method 
used  wee  the  low  pressure  technique  described  in  Technical  Report  7,  peg*  5. 
The  properties  of  the  product  are  given  in  Tabla  1. 
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4.  Blo(3.5.5-trlaeth7lhexyl)  benzenephosphonate . 

c6n^o(oc^l9)2 

An  additional  trimethylhexyl  derivative  was  obtained  by 
reacting  benzenephosphonic  dlchlorlde  with  3,5,5-trloethylhexanol.  The 
lubricants  and  Fuels  Department  will  compare  the  properties  of  this  ester 
with  those  of  the  bio  (3, 5, 5* trimethylhexyl)  "isooctene  "phosphonate  glren  in 
the  last  report. 

The  method  used  in  the  synthesis  of  this  ester  was  similar  to  that 
described  in  this  report  on  page  2  .  Properties  of  the  compound  are  given 
in  Table  1. 


5.  Dl-n- butyl  "styrene  "phosphonate .  (C^H^JgPOCH^CH'CgHj 

This  monophosphonate  was  prepared  both  as  a  distilled  and  as 
a  "bottome-product",  being  made  frcm  n- butyl  alcohol  and  "styrene "phosphonlc 
dichloride.  Iho  properties  of  the  ester  are  given  in  Table  1. 

B.  Po lyyhoaphonate  s 

Prior  work  has  shown  that  the  dl phosphonate b  show  marked  superiority 
over  the  monophosphonate s  with  regard  to  low  flammability.  An  additional 
number  of  this  class  of  compounds  has  been  synthesized  along  with  a  triphos- 
phonats  and  a  polymer. 

1.  Bis- l,2-[2-( dl-n- butyl  phoephono) ethoxy >thane. 

C(C4H90)2-P0-C2H40CB2-]2 

It  Is  well  known  that  the  polyethere  of  ethylene  glycol  have 
good  viecoelty  indices,  and  that  the  ether  linkages  are  quite  stable.  To 
incorporate  this  into  a  di phosphonate,  a  reaction  between  tributyl  phosphite 
and  triglycol  dlchlorlde  has  been  carried  out.  The  compound  la  described  in 
Table  1. 


in  this  experiment,  where  the  Arbuzov  reaction  was 
being  carried  out  with  a  chloro  derivative,  it  we 
necessary  to  beat  the  reaction  at  230-26o*C  In  order  to 
split  out  butyl  chloride.  Tram  a  charge  of  IB]  g. 

(1.0  mo  lea)  of  triglycol  dlchlorlde  (Cl-C5g'C^g*0*CB2> 
CB2*0*CH2*CBg*Cl)  and  750  6*  (3*0  moles)  of  tributyl 
phosphite  was  recovered,  327  6<  of  product  boiling  at 
l4o*C  at  0.017  m. 

2.  Bis  fc-  [bis  (3,5,5  -  trimethylbsxyl)  phot  phono  )e  thy  l3  ether. 
C(c9h19o)2-i,o-c2H412o 

A  sample  of  bis  [2- (dl-n- butyl  phoaphoao) ethyl]  other  hoe  bees 
evaluated  and  found  to  possess  one  serious  drawback  In  tbat  it  la  not  miscible 
with  Acrylold  viscosity  Index  improvers.  In  an  attempt  to  remedy  this,  we 
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have  synthesized  Ms  [2-  [bis  (3,5,5-trimethylhexyl)  phosphono] ethyl]  ether  by 
reacting  trie  (3,5>5”trimethylhexyl)  phosphite^)  with  bis  (2-broooethyl)  etlwr 
at  180*  to  200*C  and  17  am.  pressure.  The  product,  distilling  at  182-184*C 
at  0.011  nm. ,  was  formed  in  a  yield  of  over  95  per  cent  and  is  described  in 
Table  1. 


3.  Bis  [U-(di-n- butyl  phosphono )butyl]  ether. 

[(C^H^O Jg-PO-C^BgDgO 

Another  possible  method  of  improving  the  diphosphoco  ethers 
described  above  Js  to  replace  the  diethyl  ether  portion  of  the  molecule  with 
di butyl  ether.  This  was  accomplished  by  reacting  bi  s(4-chlorobutyl)  ether 
with  tributyl  phosphite . 

The  bls(l-chlorobutyl)  ether,  (Cl*CE2-CIfe-CE2-pBe)20> 
was  prepared  by  the  method  of  Alexander  and  SchnieppM 
which  consisted  in  treating  tetrahydrcfurane  with  phos¬ 
phorus  oxychloride  in  the  presence  of  sulfuric  acid. 

2-CHg-CHg-CBg-CH2“C-  +  POCI3  — >  Cl- (CJfc)4-0- (l’H2)vCi 

It  was  found  that  this  dichlorobuty 1  ether  reacted  very 
slowly  with  trihutyl  phosphite  below  250*C  and  rapidly  at 
265-275*C.  The  bis-phosphonate,  after  distillation  and 
treatment  vith  1  N  sodium  hydroxide,  was  a  light,  oily 
liquid  with  an  acid  number  of  less  than  o.l.  Its  other 
properties  are  given  in  Table  1. 

4.  B  ia[2-(di>n-butyl  phosphono) ethyl]  beazeoephoophonate . 
C6H5-PO[OCB2-CB2-PO(OC4H9)2]2 

In  order  to  investigate  the  properties  of  a  compound  containing 
three  phosphorus  atoms  we  have  synthesized  a  triphoaphonate.  By  reacting 
tributyl  phosphite  (263  g-,  1.05  moles)  vith  bis(2-bramoethyl)  benzene- 
phosphonate  (130  g.,  O.35  moles)  at  l6o*C  and  reduced  pressure  there  was 
formed  145  g.  of  the  desired  product.  The  trlsphoephonate  was  an  oily  liquid 
boiling  at  1j6S-190*C  at  0.014  m.  pressure.  In  Table  1  are  given  the  other 
properties  of  the  compound. 

5-  Chloroparaf finphosphonate ■  Cl^  *  R  •  P0(0CjjBq)2 

It  should  be  possible  to  prspare  a  somewhat  different  type  of 
phosphorate  by  reac  1- ^  a  long  chain  chlorinated  paraffin  with  either  tributyl 
phosphite  or  sodium  di  butyl  phosphite.  If  all  of  the  chlorine  atoms  reacted, 
then  one  would  obtain  a  polyphosphooate,  otherwise  a  chlorine- containing 
product  would  result,  one  experiment  has  been  performed  by  reacting  a 
chlorinated  paraffin,  containing  30  per  cent  chlorine,  with  sodium  di  butyl 
pb  sphite . 

3]  f£ie  compound  is  'deecriWA  on  page  2  of  tiai#  report. 

4)  J.  Am.  Chem.  80c.  JO,  IB39  (1946). 
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A  solution  of  sodium  di  butyl  phosphite  was  prepared 
by  dissolving  19  g.  {0.02  moles;  of  sodium  in  I9U  g. 

(1.0  molts?)  of  dibutyl  phoaphite  in  loot  cc.  of  toluene*. 
To  this  solution,  at  J05-112#C,  vas  added  236  g.  (2.0 
g-atcsas  of  chlorine)  of  Chlcrofin  15.5;  Aftor  refluxing 
■>i  24  hours,  water  vac  added  to  disseise  the  sodium 
chloride  which  had  separated.  The  water  layer  wae 
discarded,  and  after  washing  twice  with  water,  the 
toluene  vas  flash- distilled  to  recover  307  8*  oi  a 
yellow  oil.  To  remove  any  free  acidity  and  easily 
hydrolyzable  impurities,  291  g.  of  this  oil  was  refluxed 
for  £  hours  vith  300  cc.  of  1.0  K  sodium  hydroxide. 

The  reeovprjd  product  weighed  256  g.  after  drying  and 
had  an  acid  number  of  0.02. 

Of  interest  is  a  comparison  of  properties  of  the 
original  chloroparaffin  and  the  chloroparaffinphosphonate . 


Chlorofin  15 

Chloroparaffinphosphonate 

vis.  cs.  lOO*F 

94.8 

29-2 

vis.  cs.  220°F 

10. 5 

5.17 

* 

101 

119 

*  Cl 

30.0 

19.1 

Other  properties  of  the  chloroparaffinphoephonate  are 
given  in  Table  1. 

6.  Pclyphosphonate  from  1,5-Pentanedlol  and  Bensene- 
phosphonj c  Bich tori de .  ~~ 

-0-ic%55-b,f{0){CgB5)-0-(C%)5-0-]F(0){G^5)- 

One  experiment  has  been  made  to  obtain  a  polyphosphonate  by 
reacting  a  glycol  with  an  alkane phosphoric  dichloride.  From  1,5-pantanedAoi 
and  bentenephoaphonic  dichloride  was  obtained  a  veiy  thick,  viscous  product 
that  would  hardly  pour  at  room  temperature.  The  molecular  weight  of  the 
product  indicates  it  to  be  a  te tremor.  Further  work  is  planned  in  order  to 
obtain  a  less  viscoue  material. 

IV.  "Bottcma -Product  3  w 


A.  31  s(3.5.5-trimethylh6xyl)  bentenephosphonate .  C5HjP0(0C^K1^)2 

B.  Bi  g(3.5.5-trlaethylhexyl3  ’'i&ooctene "phosphorate. 

C.  Bibutyl  benzenephoephonate .  CgHjPOCOfyHpJg 

B.  Bibutyl  "styrene "phosphonate.  Cg&jCB-CHPOfOtyS^g 
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E,  31b  (7-nathyl-4-thiaoctyl)  benzenepfaosphonate. 

C^PO(OC3a6SC5H11)2 

I.  ris  [£-(dl-n-butyl  phoophono) ethyl]  ether.  [(C^HpO^POCEgC^lgO 
G.  B1  b*1  , 6-  ( dl-n-butyl  phoaphono ) hexane .  (JC^OjgPOCHg-CE^-CBg-^ 

An  tbip  contract  goes  Into  its  second  year  It  ie  now  planned  that 
en  iEcreasJ'jg  number  of  the  beet  laboratory  products  will  be  synthesized  on  a 
larger  scale  for  no re  coup lets  evaluation  by  both  the  Motor  Laboratory  and 
the  Fuels  and  Tnbrinante  Department .  As  has  been  described  in  the  earlier 
Technical  Reports,  the  materials  evaluated  by  bench  scale  were  purified  at 
one  step  by  means  of  a  distillation- -often  in  a  molecular  still.  This  would 
probably  present  same  difficulty  on  large-scale  manufacture  because  of  the 
high  boiling  points  and  the  necessity  of  keeping  the  acid  number  low. 

With  the  possibility  that  those  products  chosen  to  be  tested  on  a 
larger  scale  could  be  prepared  as  undlstilled  ("bottoms")  products,  we  have 
made  a  number  in  this  manner  for  comparative,  bench-scale  testing.  Tfco 
compounds  were  prepared  by  one  of  two  methods: 

(a)  Reaction  of  an  alkanephosphonic  dichloride  with 
an  alcohol  in  the  presence  of  pyridine,  or 

(b)  The  reaction  of  tributyl  phosphite  with  a  dihalide. 

Typical  experiments  are  described  below  and  the  properties  of  all 
of  the  bottcms-prodncte  are  given  in  Table  1. 

Bls(3 ,5,5-triaethylhexyl)  "lsooctene "phosphonate. 

into  a  flask  equipped  with  a  stirrer  and  surrounded 
with  a  cooling  bath  were  charged  57^  8*  (4.0  moles)  of 
3,3,5~tria»tbylhexanol,  237  g.  (3.0  moles)  of  pyridine 
and  as  a  diluent  1000  cc,  of  toluene.  To  this  cooled 
solution  (O’-S'C)  was  slowly  added  231  g.  (1.0  molee) 
of  "lsooctene "phosphonlc  dichloride.  When  addition  was 
complete,  the  reaction  was  heated  at  95-100®C  for  3 
hoturs,  and  then  the  product  was  recovered  by  diluting 
with  water  to  dissolve  the  pyridine  hydrochloride.  The 
water  layer  was  separated  and  the  toluene  solution  again 
washed  with  water.  The  toluene  was  distilled  off  and 
the  reaction  mixture  was  stabilized  by  heating  at  l8o*C 
at  5  ®a*  pressure.  J.n  order  to  remove  any  acids  or 
easily  hydrolyzable  impurities,  436  g.  of  this  stabilized 
residue  ms  refluxed  at  atmospheric  pressure  V102#C)  wit' 

500  cc.  of  1.3  H  sodium  hydroxide  solution.  The  aqueous 
phase  was  drained  and  300  co.  of  benzene  was  added  to  the 
product.  This  benzene  solution  was  washed  three  times 
with  hot  water  and  after  flashing  off  the  benzene,  the 
bis (3}5,5*brlmethylhexyl)  "lsooctene "phosphonate  was 
dried  at  150*C  and  5  am.  pressure. 


(Table  j.  follows.) 
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This  ester  was  vary  light  yellow  in  color  (Gardner 
Color  1)  and  had  an  acid  number  of  0.10.  From  thlB  treat* 
ment  was  recovered  387  g*  (0.87  molee)  of  product  which 
represented  an  87. 0  per  cent  conversion  to  product  h&eed 
on  the  charged  "isooctene"phoephonic  dichloride . 

Bls[2-(dl-n-butyl  phosphono) ethyl]  ether. 

into  a  kettle  attached  to  a  fractionating  column  was 
placed  750  g.  (3.0  moles)  of  tributyl  phosphite.  After 
heating  to  l6o*C  at  40  on.  pressure,  there  vaa  slowly 
added  232  g.  (1.0  molee)  of  bis(2-bromoethyl)  ether.  The 
butyl  bromide  formed  during  this  Arbuzov  reaction  was 
recovered  in  a  cold  trap.  When  no  further  butyl  bromide 
was  liberated,  the  reaction  mixture  was  stabilized  by 
heating  to  15o*C  at  5.0  urn.  pressure.  A  sample  of  482  g. 
of  this  crude  product  was  heated  under  reflux  with  500  cc. 
of  1.2  N  sodium  hydroxide.  After  refluxing  for  2.5  hours 
(when  intermittent  titrations  showed  that  no  further 
caustic  was  being  consumed),  the  aqueous  phase  was 
separated  and  the  product  washed  with  hot  water.  The 
bi  sphosphonate  was  dried  by  heating  at  150*0  and  5  mm. 
pressure.  There  was  recovered  392  g.  of  product  which 
had  an  acid  number  of  0.09  and  a  Gardner  Color  of  2. 

This  represented  an  85-5  par  cent  conversion  based  on  the 
charged  bls(2”bramoethyl)  ether. 


rats  for  the  Arbuzov  Reaction. 


It  is  well  known  that  in  general  the  ease  of  reaction  between  an 
alkyl  halide  and  a  trialkyl  phosphite  depends  to  a  large  extent  on  the  nature 
of  the  alkyl  halide.  Thus,  in  the  n- butyl  halide  series,  n-butyl  iodide 
reacts  easier  than  the  bromide  which  in  turn  reacts  easier  than  the  chloride. 
So  far  during  this  program  a  number  of  alkyl  chlorides  have  been  reacted  with 
certain  phosphites  and  this  has  required  the  use  of  high  temperatures  and 
long  reaction  times.  As  a  consequence  of  these  reaction  conditions,  yields 
of  product  from  the  Arbuzov  reaction  using  chlorides  have  been  found  to  be  lew. 


With  the  possibility  that  the  Arbuzov  reaction  could  be  catalyzed  by 
the  use  of  certain  metal  salts  to  such  an  extent  that  it  would  be  possible  to 
employ  the  lens-expensive  chlorides,  the  following  tests  vers  carried  out: 

Tribvtyl  phosphite  has  been  reacted  with  2-ethylhexyl  chloride  alone 
and  in  the  prestr-ce  of  certain  metals.  The  experiments  vers  carried  out  by 
heating  the  reactants  to  2C0*C  in  a  kettle  attached  to  a  fractionating  column. 
Any  butyl  chloride  formed  during  the  reaction  was  recovered  and  measured  in 
order  to  follow  the  course  of  the  reaction.  From  the  data  shown  in  Figure  1 
it  may  be  seen  that  2-ethylhexyl  chloride  underwent  substantially  no  reaction. 
The  addition  of  potassium  iodide,  copper  bromide  or  copper  iodide  to  the 
mixture  (2  g.  catalyst  for  iOO  g.  reactants)  caused  the  reaction  rate  to 
increase,  copper  iodide  being  the  most  effective.  However,  it  may  be  seen 
that  none  of  the  catalysts  caused  the  2-sthylhexyl  chloride  to  react  aa 
rapidly  as  2-ethylhexyl  bromide. 


(Figure  1  follows. ) 
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Figure  I.  REACTION  OF  2  -ETHYLHEXYL  CHLORIDE  WITH  TRTBUTYL 
PHOSPHITE  IN  THE  PRESENCE  OF  CERTAIN  CATALYSTS 
Reaction  Time  7  hrs. 

Reaction  Temp.  200*  C 

(The  2  -ethylhexyi  bromide  was  reacted  1 . 5  hours) 
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BENCH  SCAIE  EVALUATIONS 


I.  introduction  and  Summary 

As  the  synthesis  program  on  nev  compounds  bogine  to  taper  off  and 
certain  aaterlala  show  premise  for  further  evaluation  in  larger  quantities 
(ca.  5  sals.),  there  has  been  an  increase  in  effort  toward  the  investigation 
o¥~ thickeners  and  inhibitors  to  improve  the  already  attractive  properties  of 
the  selected  organo- phosphorus  compounds. 

For  the  preparation  of  technical  grade  or  bo",  toms- products, 
compounds  were  chosen  from  several  viscosity  levels  ana  types  of  structure. 
Thus,  a  uonophosphonate  of  fairly  lev  viscosity  but  good  nonfleumaoility  was 
selected  together  with  several  monophoephonr,tee  with  longer  alkyl  chains . 
Several  blsphosphonates,  comparable  in  vise  isity  to  some  of  the  long  chain 
monophoephonates,  were  also  included.  The  emphasis  on  the  phosphonatos  and 
possibly  bis phosphates  has  been  continued  in  this  period.  Although  the 
blsphosphonates  appear  attractive,  certain  problems  of  preparation  on  a 
larger  scale  have  delayed  their  study  in  favor  of  seme  of  the  more  viscous 
monophosphonates.  In  general  the  technical  grade  preparations  have  compared 
very  favorably  with  the  earlier,  molecular ly-diatilled  products.  However, 
the  two  technical  grade  blsphosphonates  so  far  prepared  had  poor  thermal 
stability,  while  all  preparations  of  monophoaphonate"  were  satisfactory  on 
this  score. 

Among  the  nev  molecularly-distilled  preparations  with  attractive 
properties  were  bi  a  |V  ( dibutyl  phosphono)butyl]ether ,  Me  Q2-  ( diconyl 
phosphouo)ethyl]ether,  bisC2-( dibutyl  phosphono )ethy l]  benaenephoanhonate , 
tis-l,2-[2- (dibutyl  phosphono  )sthoxy]ethane  arid  dibutyl  nonane phosphonate . 

A  sample  of  pentamethylene  tetra-n- butyl  diphosphate  from  Victor  Chemical 
Works  also  had  seme  outstanding  properties. 

II.  Evaluation 

A.  Summaries  of  Specific  Properties  on  Sew  Compounds 

The  data  obtained  on  the  new  compounds  are  aunaarlted  in  Table  2 
using  the  same  form  employed  in  previous  reports.  They  are  discussed  under 
the  specific  properties  shown  in  the  heading  of  the  table.  Of  the  nev 
compounds  examined,  there  were  four  monophosphonates,  one  monophoephinate, 
and  one  blsphosphinico,  one  trlsphosphono  and  three  blsphosphono  compounds. 

A  new  preparation  of  dioctyl  "styrene "phosphonate,  of  very  low  acidity,  and 
a  diphosphate,  both  from  Victor  Chemical  Works,  were  also  included  m  the 
bench-scale  evaluation*,  in  addition,  six  bottoms  or  technical  grad*  products, 
in  addition  to  the  one  technical  preparation  prevlouoly  discussed  in  V  have 
also  been  evaluated. 

1.  Acidities 

Host  of  to*  compounds  had  acidities  lets  than  0.10  mg.  KOH/g. 
The  exceptions  were  bie-2-chLoroethyl  ben*en*pho*phouebe,  acid  no.  *  0.V5,  and 
bis [ 2- { dibutyl  phosphono )#thy  1]  banxen* phosphonate ,  acid  no.  •  0.80.  Several 
others  had  borderline  acidities  of  0.10. 
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2.  Pour  Points 

The  majority  of  the  compounds  had  low  pour  points,  -65*F  or 
lower,  and  are  not  further  discussed.  Included  in  the  few  whjch  had  high 
pour  points  were  chloroparafflnghos^honate ,  +20*F,  and  his,/2-(bjityl 
p-chlorobentenephosphinico)ethyj7®ther,  +15*F.  The  viscous  his</2-(dinonyl 
phos phono ) ethyl/ ether  had  a  pour  point  of  «30*F  hut  the  less  viscous  (hut 
negative  71)  samples  of  his-2-chloroethyl  henienephoaphonate  and  butyl 
p-chlorohenzene(hutane)phosphinate  had  pour  points  of  -35  and  -45*F.  The 
highest  pour  point  of  the  technical  grade  preparations  was  -55*F,  which  is 
still  fairly  satisfactory. 

3*  Visoosltiss 

Viscosities  were  determined  at  100*?  and  210*F  on  all  the 
eamplee,  and  at  -4o*F  on  those  with  pour  points  of  -45*F  or  lower.  Since  the 
majority  of  the  viscosities  at  -4o*F  were  rather  large  (only  three  were  less 
than  1000  cs.),  viscosities  at  lower  temperatures  (such  as  -6o*F)  were  not 
attempted  on  this  series. 

The  sample  of  lowest  viscosity  was  the  dihutyl  benrenephosphonate , 
bottcsis-product.  The  pure  dihutyl  nonanephosphonate  was  only  slightly  more 
viscous  a+  100 *F  and  210*F.  However  the  -40*F  viscosity  of  the  latter  was 
almost  double  that  of  the  dihutyl  hentenephosphonate .  These  two  products  are 
similar  in  flsssaahllity,  oxidation,  corrosion  and  thermal  stability  charac¬ 
teristics.  They  differ  considerably  in  wear  in  the  4- ball  apparatus. 

The  most  viscous  product  was  the  bis/5- (hutyl  p-chlorobenzene- 
phoephinico)ethyl7ether  which  falls  in  the  SAB  *0  range,  unfortunately,  the 
high  pour  point, 'negative  VI  and  poor  thermal  stability  are  serious  liabilities 
and  do  not  offset  the  excellent  lew  flammability  and  interesting  viscosity  of 
this  compound.  The  next- most  viscous  compound  in  Table  2  was  the  bis^2- 
(dlnonyl  phosphono)ethyl7ether  which  falls  in  the  SAB  20  range.  This  compound 
looks  much  more  attractive  from  the  standpoint  of  flammability,  thermal 
stability,  inhibitor  susceptibility,  miscibility  with  polymers  (Acryloid)  and 
wear.  The  corresponding  "octyl"  derivative  has  been  prepared  for  early 
evaluation.  AH  of  the  remaining  preparations  in  the  table  have  viscosities 
at  100 *F  between  12  and  30  os. 

The  viscosities  which  were  measured  at  -40*F  ranged  from  363  ce.  for 
the  dibutyl  be&senephoephonate  to  82 ,230  cs.  for  the  butyl  p-chlorobensene- 
( butane  fchosphinate.  The  new  batch  of  dl octyl  "styrene "phosphorate  (Victor 

Chamloal)  had  a  viscosity  of  77,450  cs.  at  -4o*F. 

4. 

The  highest  VI  (152,  Dean  and  Davis)  in  ths  table  was  displayed 
by  the  Victor  pentose  thy  Is  n*  tstnv”+rl  dipbespbste  which  incidentally  also  had 
a  very  low  pour  point  (below  -65*F).  the  next  highest  VI,  l4o,  was  shewn  with 
the  blsA-( dibutyl  phoephono)buty^ether  which  also  had  a  very  lew  pour  point, 
-8o*F.  Six  other  preparations  had  viscosity  indices  above  100,  ranging  from 
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113  to  128.  Of  the  six  preparations  haying  viscosity  lndlooa  of  0  or  lover, 
all  contained  either  halogen,  aromatics  or  both.  Five  other  p re  para  t lone  had 
viscosity  indices  between  70  and  90  and  of  these,  three  were  benzenephoe- 
phonatee.  The  presage  of  one  bentene  ring  doec  not  therefore  necessarily 
result  in  a  low  71.  However,  all  of  the  "styrene "phosphonates  had  low  VI. 

The  E*rdiman  and  Nissan  viecoeity  indices  were  also  determined  and 
are  given  m  Table  2.  For  the  ve"*  low  viscosity  samples  (less  than  3.2  cs. 
at  210*F)  the  Btrdiman  and  Nissan  V:’  is  appreciably  higher  than  that  of  Dean 
and  Davis,  while  in  the  higher  viscosity  ranges,  wi  th  a  few  exceptions,  the 
H.  and  N.  VI  is  usually  lower  than  the  D.  and  D.  VI. 

The  ratio  of  viscosity  at  100*?,  in  cs. ,  to  viscosity  at  210*?  has 
also  been  given  in  Table  2.  The  ratio  corresponds  store  closely  to  the 
viscosity  index  in  the  Hordiaan  and  Nissan  eystam  than  to  the  Dean  and  Davis 
VI.  For  example,  the  lowest  viscosity  samples,  dibutyl  benzene-  and  dlbutyl 
nonane phosphonate,  rated  high  in  both  ratio  and  H.  and  N.  VI.  Further,  if 
the  nineteen  compounds  in  the  table  are  listed  in  sequence  according  to  their 
rl scosity- temperature  behavior  as  rated  by  these  three  methods,  the  ratio 
agrees  (within  3  unite  of  same  rt-ting)  with  the  H.  and  H.  VI  in  14  cases  and 
with  the  D.  and  D.  VI  in  10  cases.  The  two  VI  methods  agree  m  15  out  of 
19  cases. 

5.  Flammability 

The  seed -micro  open  cup  (see  m-lfl  for  description)  and  the 
pipe-cleaner  test  (11-15)  have  been  used  to  teat  flammability  of  the  pure 
compounds,  c erase rc! - 1  products  and  technical  grade  preparations,  in  two  cases 
the  sample  size  was  insufficient  to  run  the  saari -micro  flash  and  fire  points. 
Except  for  the  grenter  variation  in  fire  points  with  the  current  data,  plots 
relating  flash  and  fire  points  in  either  test  are  similar  to  Figures  1  and  2 
of  Technical  Report  Bo.  IV.  Several  samples,  including  the  halogen- containing 
phosphonates  and  phosphlnetes  as  well  as  the  trisphoepbonate,  give  better  pipe- 
c leaner  fire  points  than  would  be  expected  from  their  micro-open  cup  behavior. 
All  of  the  compounds  in  Table  2  have  flsasabllitles  in  the  pipe-cleaner  test 
equal  to  or  better  then  ®-l,  the  flammability  reference  in  AMB-3150A.  The 
halogen-containing  organo- phosphorus  compounds  are  especially  good  in  this 
regard  but  their  other  qualities  make  them  generally  unattractive  for  use  as 
hydraulic  fluids.  The  vary  viscous  b lo^- (butyl  p-chlorobenzenephoephinico) 
•thyl/ether  had  the  highest  pipe-cleaner  results  obtained  to  date  on  any 
organo- phosphorus  compound. 

6,  Thermal  Stability 

It  le  significant  that  moat  of  the  technical  grade  or  botteme- 
prodaota  bad  satisfactory  therenl  stability  whereas  the  previous  first 
technical  preparation  of  the  bit- 1,6- (dibutyl  phoapheno) hexane  (bottom)  had 
poor  thermal  stability  (see  Table  2  of  T).  Bowsver,  the  thermally  stable 
bottoms- products  are  all  mooophosphooatee  and  the  only  additional  biephoe- 
phooate  in  this  classification  mas  also  testable.  The  bit/*- (butyl  p-chlcro- 
bsnienephoephinicojsthy^sther  and  hi  •/§-(  dibutyl  phomphoaoiethy leather 
(botteme- product)  had  poor  thermal  stability  while  the  bie^-(4iwtyl 
phoephooo )*thyl7  becueanephoephooate  mas  borderline. 


(Table  2  Joilows.) 


Table  l.  PHYSICAL  AND  CHEMICAL  PROPERTIES  OF  ORG  A  NO -PHOSPHORUS  COMPOUNDS 
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Several  others,  which  gave  less  than  five  per  cent  change  in 
viscosity  at  220*7,  exhibited  appreciable  change  in  VI,  although  thie  nay 
indicate  an  erroneous  viscosity  at  200*7  either  before  or  after  the  test. 


Corrosion  and  Oxidation  s tab! lit 


As  usual,  the  compounds  have  run  the  gamut  frcn  very  stable  to 
very  unstable  in  the  small- scale  oxidation-corrosion  teat. 


The  compounds  which  gave  satisfactory  stability  without  inhibitors 
were  dibutyl  3,5,5-triinethylhexaDephosphoDate,  a  new  sample  of  dl octyl 
"styrene "phosphorate  from  Victor,  dlbutyl  benzene phosphorate  (bottosa), 
dibutyl  "styrene  '‘phosphorate ,  both  pure  and  bottoms- products ,  and  bis 
ft- ( dlbutyl  ptosphono  Jbutyl/ethsr . 

Compounds  with  intermediate  oxidation  and  corroalon  stability  were 
the  bia^5- {dlbutyl  phoephono)ethyl7ether  (bottoms),  tie- 1,2- J2- ( dlbutyl 
phosphono  )etho3nr7ethane ,  bis_/5- (butyl  p-chlo robe nxenephoephinlcojethyl/e the r 

and  bis(7-methyl-4-thiaoctyl)  benxenephosphonate . 

Two  of  the  nonyi  derivatives,  bis^ei-(dinonyl  phosphonojethyl/ether 
and  di nonyi  '1  so^ctene "phosphonate ,  gave  low  corrosion  but  very  high  oxidation. 

Compounds  exhibiting  both  high  oxidation  and  corrosion  were  butyl 
p- chlorobenzene  (butane  )phoephlnate ,  pentaae  thy  lane  tetrn-n- butyl  13  phosphate 
(from  Victor  Chemical ),  "chloroparaffin  phoephonate,  bis/3- (dlbutyl  pboephono) 
e thy  17  be ozone phosphonate ,  bls(2-chloroethyl)  benzene pfeoephonate  and  the 
dl nonyi  benzene phosphonates ,  both  pure  and  bot tome-products. 


in  the  section  on  inhibitor!  it  will  be  shewn  that  the  high  degree 
of  oxidation  and  corrosion  exhibited  by  tho  last  compound  in  the  above  list 
can  be  controlled. 


8.  Wear  and  Triction 

The  4- ball  veer  data  on  the  compounds  m  Table  2  show  a 
considerable  spread  in  wear  with  only  a  small  variation  in  friction  coeffi¬ 
cient.  The  lewefct  wear  of  ary  compound  in  this  table  was  found  for  the  new 
batch  of  dioctyl  "styrene "phosphonate  with  the  di nonyi  "isooctene "phodphonate 
(bottoms)  and  dlbutyl  nonane  phosphonate  only  slightly  higher  in  wear.  As 
previously  noted,  all  of  the  blspboephooatee  and  the  trie phosphonate  in  this 
table  gave  high  wear  with  on •  exception.  This  exception  was  the  bis 
7?-(olnoayl  pboephono  )e thy l7# tier  where  the  longer  alkyl  chain  on  the  ends  of 
the  molecule  is  apparently- critical.  Long  chains  between  the  phosphorus  atoms 
have  not  been  beneficial  in  reducing  wear  in  the  compounds  so  far  studied. 

This  difference  in  chain  length  Is  aleo  apparent  in  the  monophosphonates  if 
one  compares  tbs  wear  from  dibutyl  benzene  phosphonate  with  that  from  the 
correspond! dinonyl  benzeoephoerpbocate .  Aleo  the  wear  for  dlbutyl  noaaoe- 
ploephonate  falls  between  that  for  dibutyl  n-oc tan* phosphonate  and  dibutyl 
2-ethylbexanepbosptaonatc  previously  reported  (see  Table  2,  V).  The  nonyi  or 
nonane  group  referred  to  m  this  work  is  the  3,5,5-trtmsthylhsxyl  or  -hexane. 
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Therefore,  the  chain  length  Is,  of  course,  the  same  as  that  of  the  2-ethyl- 
hexyl  group  hut  the  added  methyl  side  chain  appears  to  hare  a  beneficial 
effect  also. 

The  high  wear  found  for  bia(7-nethyl-4-thiaoctyl)  benzenephoephonate 
appears  out  of  line  since  the  corresponding  "leooc ten© "phoephonate  gave  low 
wear  (see  Table  2,  V). 

The  wear  with  the  tvo  dibutyl  "styrene "phoephonate  samples  was 
intermediate  between  the  high  wear  of  di butyl  benzenephoephonate  and  the  low 
wear  of  dioctyl  "styrene "phoephonate .  The  "chloroparaff in "phoephonate, 
prepared  by  reaction  of  Chlorofln  15  (Hooker  Electrochemical)  containing  30$ 
chlorine  with  tributyl  phosphite,  gate  much  higher  wear,  O.67  un- ,  than  that 
for  the  original  batch  of  Chlorofln  15,  which  gare  a  scar  diameter  of  O.Mt. 

The  residual  chlorine  content  in  the  reaction  product  may  be  contributory  to 
the  wear  observed. 

The  coefficient  of  friction  values  for  most  of  the  preparations  were 
between  o.K)  and  0.13.  The  bis(2-chloroethyl)  benzenephoephonate  gave  a  low 
friction  Talus,  0.07,  as  did  the  product  obtained  frcet  this  intermediate,  the 
bis /S-( dibutyl  phosphono)ethyl7  benzenephoephonate.  On  the  other  hand, 
bi sJS-idl butyl  phosphonojethyl/ether  (bottoms)  and  bis- 1,2-^- (<ii butyl 
phosphonojethoxjf/e thane  were  slightly  above  average  in  friction  coefficient. 

B.  Comparison  between  Properties  of  Pure  Compound!  °md 
Technical  Grade  Products. 

Since  the  larger- scale  production  of  the  more  premising  compounds 
developed  under  this  contract  must  necessarily  eliminate  some  of  the  steps  in 
preparation  of  the  pure  compounds,  such  as  the  molecular  distillation,  a  group 
of  products  has  been  prepared  as  technical  grads  or  bottoms  products.  The 
impurities  In  these  preparations  may  include  unreacted  initial  ingredients, 

(If  sufficiently  high  boiling),  as  well  as  polymers  or  side-reaction  products. 
The  effect  of  such  contaminants  on  physical  and  chemical  properties  may  be 
shewn  by  the  data  in  Table  3- 

in  general  the  bottoms -pro  duct  a  compared  closely  with  the  pure 
compounds  in  regard  to  viscosity,  71,  pour  points,  flammability,  and  thermal, 
oxidation,  and  corrosion  stabilities.  One  exception  was  the  technical  grate 
dlnonyl  "leoocteoe "phoephonate  which  had  a  higher  viscosity,  lower  VI  and 
much  higher  oxidation  than  that  for  the  pure  compound.  Another  exception  was 
iu  regard  to  the  flash  point  in  the  pipe-cleaner  test.  This  property  was 
consistently  lower  for  all  bottcme-prcducte  even  though  other  types  of 
flsmaability  tests,  including  the  pipe-cleaner  fire  point,  showed  no  systematic 
variations  between  the  pure  and  technical  compounds. 

in  several  instances  the  oxidation  and  corrosion  stability  of  the 
bottoms- products  was  better  than  it  t  of  the  pure  compounds,  in  the  case  of 
the  Olbutyl  bentsaephoepfcorate  where  this  was  true,  tbs  pure  compound  was  a 
preparation  fpaa  Y?cto r  Chsmioal  Vorhe.  It  bad  an  acid  mmber  of  0, W*  and 
this  may  account  for  it*  poor  oil tetloi- corrosion  test. 
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The  dlnonyl  benzene-  or  "isoocten©  "phonphon&tas  and  dibutyl  "styrene'1- 
phosphonates  appeared  to  give  lover  wear  than  the  other  compounds  shown  in 
this  table. 

The  improved  flammability  of  the  biephosphoo©  compounds  over  the 
mcnophosphonatee  is  illustrated  with  the  bisj|2- (dibutyl  phosphono)ethyl7®ther 
in  ccr  "arisen  with  di butyl  "styrene "phosphorate  or  hie(7-methyl-4-thieoctyI) 
betizoaephosphorate  (which  has  comparable  viscosity  at  DO*?}  in  tlie  micro 
open-cup  flash  and  fire  points.  The  correlation  between  pipe-cleaner  and 
open- cup  apparatus  with  these  compounds  is  not  equal  to  the  earlier  results 
previously  reported. 

in  general  the  very  similar  oxidation- corrosion  results  with  either 
pure  or  bottome  product  was  very  gratifying.  The  extreme  difference  in 
oxidation  stability  with  the  two  dlnonyl  "ieooctene "phosphorate  preparations 
is  difficult  to  explain  since  the  corrosion  data  are  quite  comparable.  The 
good  oxidation  and  corrosion  stability  for  the  dibutyl  "etyrene "phosphorates 
is  similar  to  that  for  the  dibutyl  benzenephoaphonate . 

The  viscosity  &t«40cF  was  generally  lover  for  the  bottome  or  techni¬ 
cal  grade  product  than  for  the  pure  product.  The  two  exceptions  were  the 
dlnonyl  "isooctene  "phosphorate  and  to  a  lesser  extent,  the  dibutyl  benzene*- 
phoaphonate  where  the  pure  products  were  less  viscous  at  all  temperatures- 
in  three  cases  the  viscosity  at  -4o#F  was  considerably  lower  for  the  technical 
grade  although  the  viscosities  at  K30°F  or  210°F  were  very  similar.  In  the 
other  instance,  with  dibutyl  "styrene "phosphonata ,  the  viscosity  at  -4o°F, 

100oF  and  21£“F  were  almost  identical  for  both  types  of  preparation. 

C.  Additive  Studies 

1.  Thickeners  and  VI  Improvers 


Since  many  of  the  compounds  prepared  under  this  contract  have 
relatively  low  viscosity  but  low  flaamabiliuy,  the  effect  of  thickeners  or 
VI  inn) rovers  has  teen  studied. 

Compounds  of  very  low  viBCOsity  (less  than  10  cs.  at  100#F)  have  be® 
blended  with  Acryloid  (alkylated  methacrylate  polymer  or  copolymer)  to  bring 
the  viscosity  up  tc  the  aircraft  hydraulic  fluid  range  (MIL-0-5606  requires 
10  cs.  at  130 ®F  or  about  15  cs.  at  100#F).  Correspondingly,  compounds  of 
higher  visc«/sity  (20-25  cs.  at  100  *F)  have  bean  thickened  to  bring  them  up 
to  SAE  10  and  3AE  20  grades.  The  data  ara  given  in  Tables  4  and  5- 

The  example  of  the  first  type  above  was  dibutyl  benzenephoaphonate, 
technical-grade,  which  has  a  viscosity  of  5-17  cs.  at  100*F.  To  thicken  this 
product  to  the  aircraft  hydraulic  fluid  range  required  K#v  Acryloid  HF8125. 
The  VI  of  this  blend  was  238,  which  is  higher  than  that  for  a  mineral  oil 
hydraulic  fluid  formulated  to  MIL-O-5606  specification.  Corrosion  and  oxida¬ 
tion  of  this  thickened  phosphonata  blend,  without  inhibitors,  were  moderately 
low.  However,  an  undesirable  feature  was  the  poor  miscibility  of  the  polymer 
with  the  dibutyl  benzenephosphorate  at  temperatures  below  about  0"F.  It  was 

(Tables  4  and  5  follow. ) 


WITH  POLHOSR  AM)  INHIBITORS 
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1125)08811)18  to  obtain  a  viscosity  at  -40°F  on  this  blond,  sines  when  the  blend 
was  held  at  this  temperature,  tne  polymer  precipitated  out  and  plugged  the 
capillary  of  the  viscometer,  k  10$  blend  of  Santodex  (alkylated  styrene 
polymer)  in  this  same  stock  was  not  miscible  at  room  temperatore .  It  was 
subsequently  learned  that,  to  assure  adequate  miscibility  with  polymer  at 
low  temperature,  the  alkyl  chain  must  be  longer  than  butyl. 

An  attempt  to  improve  the  low  temperature  miscibility  between 
polymer  (Acryloid)  and  dibutyl  benzenephosphonate  was  made  by  adding  a  mutual 
solvent  such  as  dioctyl  sebacate  (Piexol  201).  However,  the  blend  (IW-I698) 
containing  about  1%  of  Piexol  201  in  the  thickened  dibutyl  benzenephosphonate 
(fW- 1690 ) ,  was  still  not  sufficiently  improved  in  low  temperature  miscibility, 

Both  dinonyl  benzenephosphonate  or  dinonyl  "isooctene "phosphorate 
were  readily  thickened  with  Acryloid  HF-8125  was  shown  by  the  data  in  Tables  4 
and  5.  Five  per  cent  Acryloid  HF-8225  brought  both  into  the  SAE  10  range  and 
10$  Acryloid  increased  the  viscosity  into  the  SAE  20  range.  Although  the  VI 
of  the  "ieooctene"phosphonate  base  liquid  was  slightly  higher  than  that  of  the 
benzenephosphonate  (89  ccmp&rod  viva  84),  relative  Vi's  of  the  blends  with 
Acryloid  wore  reversed  (144  and  138;  compared  with  150  and  146).  I  ncidentally , 
the  viscosity  aad  VI  of  the  10^  blends  are  in  tb 1  same  ranges  as  those  for 
the  Prestone  motor  oil  (alky  It;  ne  oxide  polymers). 

As  pointed  out  in  the  previous  report,  the  biB^- (dibutyl  phosphono) 
ethyl7ether  Is  not  miscible  with  Acryloid.  However,  the  longer  chain  length 
end  group  in  bis^?- (dinonyl  phoephono)ethy  leather  does  provide  satisfactory 
miscibility  with  Acryloid.  Five  per  cent  Acryloid  HF-0125  in  this  product 
increased  the  viscosity  from  SAE  20  to  SAE  30  while  raising  the  VI  from  117 
to  132. 

2.  Corrosion  and  Oxidation  Inhibitors 

As  mentioned  previously  (see  V),  some  inhibitor  studies  were 
made  on  di octyl  "styrene  "phosphorate  •  Although  this  compound  gave  a  low  level 
of  oxidation  and  corrosion  without  inhibitors,  it  is  sufficiently  corrosive  to 
cause  some  concern.  However,  since  only  a  limited  improvement  was  obtainable 
with  this  base,  a  similar  Victor  product,  dioctyl  "ieooctene"phosphonate, 
which  gave  a  high  level  of  oxidation  and  corrosion,  was  thus  deemed  more 
suitable  for  inhibitor  studies.  Accordingly,  a  large  number  of  phosphorus 
compounds  as  well  as  a  few  conventional  inhibitors  were  tested  in  this  base 
stock  using  the  small  scale  oxidation  corrosion  test  at  250  F  (described  in 
III),  in  general,  each  compound  was  first  tested  at  l$w  concentration  and 
those  which  looked  premising  were  then  tested  at  lower  concentration.  The 
data  are  given  in  Table  6. 

It  is  both  interesting  and  surprising  that  the  more  promising 
inhibitors  in  this  stock  of  dioctyl  "isooctene  'phoajshonate,  phenyl  -a-naphthrl- 
amjne  (PAH)  and  2,6-di-tert-hutyl-4-methylphenol  (2oB4MP)  were  of  no  value  in 
dioctyl  "etyrene  'pnoephonate  (as  previously  discussed  in  V).  Phenothiazine, 
which  was  also  unaueceesful  with  dioctyl  "styrene  "phosphonate,  was  fairly 
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effective  m  the  dl octyl  "lsooctene "phosphonate  hut  inferior  to  FAN  or  26B4MP. 
On  the  other  hand,  the  combination  of  glycidyl  phenyl  ether  and  Me  (methylene 
tolyl  euifide),  which  showed  premise  with  dioctyl  "styrene "phosphonate, 
doubled  the  copper  corrosion  “but  did  decrease  the  degree  of  oxidation. 

Several  of  the  nitrogen- containing  phosphorus  compounds  had  a 
beneficial  effect  at  the  1$  concentration  level  hut  the  effectiveness  dropped 
off  rapidly  at  lower  concentrations.  Examples  in  this  group  include  dibutyl 
2-dietbyl-aminoethanephosphonate,  dibutyl  2-morpholinoethanephosphonate,  ethyl 
bia/2- (dibutyl  phosphono) ethyl/amine  and  (a  non- phosphorus  amine)  bis(2-ethyl- 
hexyi)amine.  in  some  of  the  above  examples,  corrosion  was  lower  at  the  lower 
concentration  but  oxidation  was  higher. 

Tributyl  phosphite  and  dibutyl  dlisopropylamidophosphite  reduced 
oxidation  but  copper  corrosion  was  more  than  doubled.  Other  phosphites, 
notably  trie (7-methy 1-4- thiaoctyl)  phosphite,  trinonyl  phosphite  and  trie (2- 
ethylhexyl)  phosphite  lowered  both  oxidation  and  corrosion  at  1$  concentration 
but  were  of  questionable  value  at  0.5$  concentration  (high  corrosion  or 
oxidation).  Another  phosphite,  tris(2-chloroethyl)  phosphite,  reduced  oxidatim 
but  increased  corrosion  of  magnesium  and  cadmium  as  well  as  copper.  This  was 
the  only  instance  where  corrosion  of  metals  other  than  copper  reached  signifi¬ 
cant  values.  Didecyl  phosphite  increased  copper  corrosion  and  had  little 
effect  on  oxidation. 

Triphenyl  phosphine  reduced  copper  corrosion  and  oxidation  although 
not  to  the  extent  of  the  PAN,26b4  UP  or  phenothiazine. 

The  following  compounds  had  little  or  no  inhibitor  effectiveness  in 
dioctyl  "lsooctene "phosphonate :  diethylene  glycol  bis (dibutyl  phoephono- 
methanoate),  bis  (dibutyl  phosphono  )methyl  ether,  dinonyl  "lsooctene '*phosphonate, 
dioctyl  diisopropyl  phosphoric  amide,  tris(2-chloroethyl).  phosphate  and  dibutyl 
benzenephosphonite . 

Three  of  the  above  compounds  which  had  showed  some  premise  in 
dioctyl  "lsooctene "phosphonate  were  tested  in  the  earlier  batch  of  dioctyl 
"styrene "phosphonate.  All  three  compounds,  dibutyl  2- die thy lami noethane - 
phosphonate,  bls-2-ethylhexylamlne  and  trinonyl  phosphite,  not  only  failed  to 
inhibit  oxidation  or  corrosion  but  actually  increased  one  or  both. 

A  new  sample  of  dl  octyl  "styrene  "phosphonate,  also  from  Victor 
Chemical,  which  had  much  lower  acidity  than  the  earlier  batch,  showed  excellent 
oxidation  and  corrosion  stability.  The  data  for  these  tests  are  also  given 
in  Table  6. 


Inhibitor  studies  on  the  Emeryville  preparations  of  both  molecular ly 
aijtilled  products  and  the  technical- grade  (bottoms)  samples  have  been 
continued.  The  data  are  included  in  Tables  k  and  5-  In  many  cases  the 
inhibitor  was  tested  in  the  thickened  oil  provided  that  the  polymer  was 
miscible  with  the  organo- phosphorus  compounds.  The  results  were  unpredictable. 
Thus,  0.255&  phenyl-a-naphthylamine  in  the  %  Acryloid  BF-8125  blend  in  di butyl 
benzene  phosphonate  (tech,  grade)  had  no  beneficial  effect  over  the  uninhibited 
blend  JV-1682.  m  the  thickened  [%)  dinopyl  bensenephoephonate  (tech,  grade) 
(FV-I686)  the  addition  of  0 ,yf>  PA.  dropped  both  oxidation  and  corrosion  to  a 

(Table  6  follows.) 


Table  6.  OKIfiATION  AND  CORROSION  TESTS  ON  INHIBITED  DIOCTYL"ISOOCTENE"P 
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lov  level.  In  the  K#  Acryloid  hlend  (FW-l/^l)  ti  e  addition  of  0.5 £w  ^f 
2,6-tert-butyl-4-methylphenol  had  a  elml lar  effect  although  the  copper  corro¬ 
sion  and  final  acidity  vere  somewhat  higher  than  the  FAN  blend  with  less 
Acryloid.  The  use  of  1J(  glycldyl  phenyl  ether  and  0.15J&  bis  (methylene  tolyl 
sulfide)  in  the  same  blend  (JV-1691)  had  very  little  beneficial  effect  (FV- 
1702).  Earlier  work  on  the  aolecularly  distilled  dincuyl  bensenephoepbonate 
(JW -197-61)  had  shown  excellent  Inhibition  with  either  0,#  PAN  or  0.5^dibutyl 
2-diethylaai noethane phoephonate .  Oxidation  vas  lower  with  the  latter,  while 
corrosion  vas  lover  with  the  PaN. 

With  the  dinonyl  "ieooctene phoephonate ,  technical  grade,  the 
corrosion  without  polymer  or  inhibitor  vas  much  lover  than  with  the  corres¬ 
ponding  benzene phoephonate  but  the  oxidation  vas  very  high.  T>e  blend 
containing  100  Acryloid  HP-8125  (IV- 1609)  was  used  for  inhibitor  studios.  In 
this  blend  0.50  PAN  or  0.50  2,6-di-tert- butyl  4-methylphenol  gave  excellent 
results  but  again  the  blend  of  glycidyl  phenyl  ether  and  bie  (methylene  tolyl 
sulfide)  vas  very  poor. 

In  the  bia^5-( dinonyl  phosphono)ethyl7ether,  tech,  grade,  however, 
none  of  the  above  three  inhibitors  vas  effective;  in  fact,  both  oxidation  and 
corrosion  were  increased  through  the  addition  of  the  inhibitor. 

in  the  bis/?- (dibutyl  phosphono)ethy lather,  molecular ly  distilled, 
the  addition  of  0.?5 0  phenyl- o-naphthy  juiine  to  the  blend  containing  50 
Acryloid  HF-8125  (JW-I683)  dropped  tbs  oxidation  a  email  amount  but  corrosion 
vas  increased  slightly,  although  possibly  within  the  limit  of  reproducibility 
of  the  teat.  However,  the  low  oxidation  and  corrosion  of  the  thickened  blend 
(JV-1683)  in  comparison  to  the  original  compound  appears  unuawl  since  the 
polymer  usually  increases  oxidation  and  corrosion  if  there  la  any  change. 

Thus,  the  aadne  or  phenol  type  inhibitors  look  promising  for  di octyl 
"ieooctene "phoephonate,  dinonyl  "lsoccteQo  'phoephonate,  dinonyl  benzene phos- 
phonate  and  bla/5-( dinonyl  phoephono)ethyl78^ber  (all  containing  relatively 
large  alkyl  groups).  They  had  little  or  no  effect  on  thickened  dl butyl 
benzene  phoephonate  while  with  bit/?- (dl  butyl  phosphooo)ethyl7ether  and  dl  octyl 
"styrene  'phoephonate  these  inhibitors  vers  worse  than  the  uninhibited  blende, 
in  these  instances  the  alkyl  group  was  small  (n- butyl)  or  the  aromatic  portion 
vas  large  ("styrene"),  offsetting  the  effect  of  the  larger  alkyl  group. 
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MOTOB  LABORATORY  EVA1UAII0N8 


I.  introduction 

It  vac  considered  advisable  to  obtain  preliminary  operating 
e  parlance  vita  materials  covering  a  vldcr  viecosity  range  than  afforded  by 
the  tvo  reference  flulde  licted  in  Table  10  of  7-28.  Three  other  comas  rclally 
available  cceqiounde  were  selected,  therefore,  and  are  described,  together 
vlth  the  original  fluids  and  a  second  batch  of  41 octyl  "etyrene "phoephonate, 
in  Table  7,  following: 

Table  7.  PBOEBKTIES  OF  HOCTHCg  WCTg 


Viscosity 

V.I. 

Acid 
No. (mg. 

Pour 

Point 

■m 

Name 

fluid 

No. 

Source 

(ce.) 

(Dean 

and 

Davie) 

Flash 

Point 

(*J) 

Firs 

Point 

CD 

100  *F 

210  *F 

KDH/g. ) 

CD 

HVI  100  Neutral 

K-1500 

Stall 
Oil  Co. 

21.78 

4.11 

96 

0 

+10 

400 

445 

d  octyl  "styrene" 
phoephonate 
(Batch  1) 

-K-1508 

Victor 

Chem. 

27.13 

4.02 

-1 

0.77 

-55 

435 

505 

Cl  octyl "etyrene * 
phoephonate 
(Butch  2) 

K-1526 

ri 

29.35 

4.20 

0 

0.02 

-55 

435 

520 

d  octyl  "leo- 
octene ' ‘phoe¬ 
phonate 

K-1530 

li 

11.91 

2.73 

66 

0.31 

-70 

385 

465 

Trlcreayl 

phosphate 

K-1517 

Monsanto 

Chem. 

29.35 

4.08 

-39 

0.09 

-15 

510 

>  690 

Trl octyl 
phosphate 

1-1542 

Carbide 
&  Carton 

8.22 

2.26 

90 

0.20 

<-85 

40. 

v  __J 

Hone  of  the  aaterlale  synthesised  under  the  contract  has  ae  yet  been 
evaluated  in  the  Motor  Laboratory,  but  the  larger  batch  preparations  presently 
underway  in  experimental  Plante  Department  vlll  make  such  studies  possible. 
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II.  Orientation  Studies  of  Reference  Materials 


A.  Peaco  Gear  Pump  Teat a 

In  the  pump  tests  reported  previously  (V-28)  a  large  vear  differen¬ 
tial  was  noted  between  the  mineral  oil  (low  wear)  and  the  phoephonate  (high 
wear)  reference  fluids,  following  replacement  of  the  moving  parts  of  the 
pump,  however,  both  the  general  vear  level  und  the  vear  differential  were 
appreciably  reduced  (see  Table  8).  Possible  differences  in  the  composition 
and  heat  treatment  of  the  gears  may  account  for  the  change. 

The  new  reference  fluids  Investigated,  namely,  tricresyl  and 
trioctyl  phosphates,  and  dioctyl  "lsooctene '‘phoaphocate  (Tests  WI-I63,  l£4, 

166  and  168,  respectively)  all  gave  low  wear  and  little  change  In  physical 
properties.  Duplicate  runs  of  the  original  reference  materials  HVI  100 
Neutral  and  ii octyl  "styrene  'phoephonate ,  produced  erratic  wear  results  (Teste 
WI-161,  162,  165,  167,  169  and  170),  although,  again,  the  physical  properties 
of  tbs  fluids  vers  little  affected. 

Two  factors  probably  contribute  toward  the  apparent  irreprodnci- 
bility  of  wear  in  the  Peecc  apparatus.  The  first  is  the  rather  short  duration 
of  the  teat  (13  hours),  which  allows  wearing- in  phenomena  to  exert  undue 
Influence  on  the  total  wear.  The  other  factor  is  a  probable  carry-over  free: 
one  test  to  the  next  of  the  anti-wear  effects  of  phosphorus- containing  fllmt 
on  the  metal  surfaces.  Since  extended  investigation  and  correction  of  these 
problems  are  beyond  the  scope  of  the  contract,  wear  figures  from  this  short- 
time  Peeco  pump  test  will  he  considered  to  have  little  significance  unless 
very  large  differences  are  observed. 

With  vear  a  secondary  factor,  the  main  purpose  of  the  Peeco  pump 
test  vi 11  be  to  detect  evidences  of  fluid  deterioration  by  oxidation  and  shear 
breakdown.  In  this  regard  the  moat  significant  fluid  alteration  occurring  in 
the  ten  tests  reported  in  Table  8  was  observed  in  Test  VI- 168,  where  di octyl 
"lsooctene  "phosphona to  increased  yft  Jn  viscosity  at  10C*T  (as  opposed  to 
viscosity  decreases  in  the  nine  other  tests)  and  experienced  the  only  appre¬ 
ciable  increase  in  acid  number  (0.31  to  1>39)> 

B.  laueon  Engine  Tests  -  Cold  Conditione 

The  first  of  two  test  procedures  employing  s  small,  single-cylinder, 
liquid-cooled,  fouj>stroks  cycle  gasoline  engine  (Laueon  Model  U;  bore  2.6  in., 
stroke  2.5  in.)  ia  used  to  study  the  effects  of  moderately  cold  operation  upon 
both  the  lubricant  and  the  engine.  The  test  conditions,  under  the  designation 
IA-FLl,  are  outlined  in  Table  9.  Upon  completion  of  the  JtO-hour  test  the 
used  lubricant  la  examined  analytically,  and  the  oil  ccnsumytioo  and  the  velgi* 
loss  of  the  connecting  rod  bearing  (steel- backed  copper- lead)  are  measured. 

The  piston  skirt  is  given  a  lacquer  rating  (using  tbs  seals  0  to  10,  whsrs  10 
represents  the  clean  or  perfect  condition).  Piston  ring  sticking,  scuffing, 
and  other  pertinent  phenomena  are  also  reported  when  observed. 


auras  n ion  amp  test  results  or  auras  invest i sated  in  tic  high  pressure  sear  pump 
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Since  the  considerable  background  of  data  that  exists  for  this  test 
procedure  vas  obtained  with  higher  viscosity  oils  ( approximate iy  130  centi- 
stokes  at  100*F),  connecting  rod  bearing  weight  losses  with  the  lower 
viscosity  reference  fluids  (20-30  cs.  at  100  *F)  might  reasonably  be  expected 
to  be  greater  than  the  rough  acceptance  level  of  10  mg.  customarily  used. 
Unless  further  tests  indicate  to  the  contrary,  however,  the  10  mg.  wear 
criterion  will  continue,  particularly  since  a  bearing  wear  figure  of  only 
U.5  mg.  was  obtained  with  the  reference  mineral  oil,  H7I  100  Neutral  (Test 
I'Ll- 1306,  Table  9).  An  attempt  to  run  trloctyl  phosphate,  an  8.2  centistoka 
fluid  (at  100  *F),  failed  after  lk  hours  by  excessive  wiping  of  tfc*  connecting 
rod  bearing  (Tost  FLI-I315,  Table  9)*  The  pistons  ranged  from  very  dirty, 
for  dioctyl  "styrene  "phosphonate  (Test  FLI-I310),  to  extremely  clean,  for 
tricrreyl  phosphate  (Test  FU-13II).  The  connecting  rod  bearing  weight  loss 
was  low,  as  mentioned  above,  for  the  mineral  base  reference  oil,  but  high  for 
all  the  phosphorus  compounds.  The  sharp  drop  in  used  oil  viscosity  reported 
for  the  four  tests  that  reached  completion  is  undoubtedly  the  result  of 
crankcase  dilution.  Increase  in  acidity  was  more  pronounced  for  the  phos¬ 
phorus  compounds  than  for  the  mineral  oil,  thus  correlating  with  bearing 
weight  loss. 


C.  Lauson  Engine  Tests  -  Hot  Conditions 

For  small-scale  high  temperature  engine  evaluation  of  crankcaee 
lubricants  This  Laboratory  employs  the  research  version  of  the  Lauson  engine 
(Model  H2.  bore  2-5/8  in.,  at: oka  2-3/k  in.).  Except  for  the  different 
operating  conditions,  as  outlined  in  Table  10,  the  test  is  conducted  and 
reported  in  a  manner  identical  to  that  described  previously  for  the  cold 
lauson  test. 

Lubricants  that  survive  the  milder  Cold  Conditions  engine  test 
(LA-FLl)  and  appear  premising  in  bench  scale  etudies  are  subjected  to  the  hot 
test  (IS-L16) .  In  the  three  reference  tests  reported  to  date  (Table  10),  the 
c leanest  piston  and  the  lowest  connecting  rod  bearing  weight  loss  ware  obtained 
with  the  newer  hatch  of  dioctyl  "etyrene 'phoaphonate  (Teet  LlS-lkl),  The  fact 
that  the  used  fluid  frem  this  teet  shewed  the  greatest  Increase  in  acid  number 
(from  0.02  to  32.5)  1*  hardly  compatible  with  the  low  bearing  weight  loss, 
unless  the  decomposition  products  formed  a  protective  coating  on  the  bearing 
surface.  The  bearing  weight  looses  sustained  with  the  HVI  100  Neutral  mineral 
oil  and  with  trlcresyl  phosphate  (Table  10,  Tests  US- 137  and  Ikk)  were  higher 
than  the  customary  acceptance  level  of  about  100  mg.,  established  as  in  the 
case  of  the  cold  Inuson  test,  with  higher  viscosity  oils.  The  results  of  the 
three  testa  reported  in  Table  ID  vary  widely  and  appear  to  reverse  many  of 
the  observations  of  the  cold  Lauson  tests  (Table  9)  •  Some  of  the  rune  will  be 
repeated,  therefore,  in  order  to  check  the  validity  of  the  limited  data 
reported  herein.  Severe  oxidation  of  the  used  fluid  occurred  in  all  three 
teste,  as  evidenced  by  substantial  increases  in  used  oil  viscosity. 

The  contrast  in  piston  skirt  cleanliness  between  a  relatively  dirty 
and  an  exceptionally  clean  piston  is  evident  in  the  photographs  of  Figure*  2 
and  3,  following,  representing  Tests  US -137  and  lkl,  respectively. 

(Figures  2,  3,  k  and  5  follow.) 

(Tables  9  and  10  follow. ) 


THRT  ST  SIDE  AT  TOP,  FROM  TEST  LH-LIS-1  M 
Lubricant:  H\'I  iOO  Neutral  Oil 
Lacquer  Rating:  V  hi  (0  -  completely  black) 
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Figure  3.  DEVELOPED  VIEWS  OF  PISTON  SKIRT.  SHOWN  WITH 
THRUST  SIDE  AT  TOP,  FROM  TEST  LH-LIS-M1 

Lubricant:  Dioctyi  ,*s?yrene”phospfcooate  (Batch  l) 
Lacquer  rating:  9.4?  (10  s  ciean) 
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Figure  4.  SPUR  GEAR  MACHINE 
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33.  Spur  Gear  Load  Carrying  Capacity  Tests 

The  ability  of  a  lubricant  to  prevent  metal- to-metal  contact 
between  the  mating  surfaces  of  loaded  gears ,  and  thus  to  prevent  scoring,  can 
be  assessed  in  the  Spur  Gear  Machine,  shown  in  Figure  4.  The  four-square 
principle  of  loading  is  used,  as  depicted  schematically  in  Figure  5>  permit¬ 
ting  the  load  transmitted  through  the  gear  teeth  to  be  raised  by  measured 
increments  until  scoring  is  observed.  The  gear  geometry  and  material 
specifications  and  the  operating  conditions  of  the  test  are  summarized  in 
Table  11,  following: 

Table  U.  LOAD  CAREYING  CAPACITIES  OF  FLUIDS  imSTIGATED 
IN  THE  SFJR  GEAR  LUBRICANTS  TESTING  MACHINE 


Test  Designation:  GS-LC2 
Gears:  Diametral  pitch,  6. 

Pressure  angle,  20®. 

Face  width,  0.250  in. 
Center  distance,  3  in. 

No.  of  teeth,  - 
Pinion,  17. 

Gear,  19. 

Steel,  SAE  3332- 
Hardness,  - 
Case,  c2  Rockwell  C. 
Cor®,  30 -40  Rockwell  C. 


Test  Conditions:  Shaft  speed,  3000  rpn. 
Load  increments,  5  14.  beam  load. 
Duration  of  each  load,  5  min* 

Test  length,  until  scoring. 

Oil  temp. ,  approx.  100#F. 

Oil  flow  rate,  10  ml./soc, 

Gil  charge,  1000  ml. 


Test 

No. 

(GS-LC2-) 

Fluid 

No. 

(K-) 

Composition 

Load 
Initial  S 

at 

coring 

Remarks 

Lbs.  Beam 
Load 

Hp. 

446 

1500 

HVI  100  Neutral 

5 

3.8 

Mineral  oil  reference 
run. 

447 

1526 

Dioctyl  "styrene 
phosphonate 
(Bat  :h  2) 

20 

23.3 

Commercial  nhosphonate 
reference  run. 

448 

1500 

HVI  300  Neutral 

2 

2.3 

Repeat  of  Test  446  at 
lover  starting  load. 

449 

1517 

Tricresyl  phos¬ 
phate 

2 

2.3 

Commercial  phosphate 
reference  run. 

450 

1542 

Trioctyl  phos¬ 
phate 

50+ 

58.3+ 

Incipient  scoring  at 
load  limit  of  gears. 

451 

1530 

Diootyl  "iso- 
octene "phospho¬ 
nate 

45+ 

52.5+ 

Extraneous  bearing 
failure  stopped  test. 
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Minlmum  load  carrying  capacities  (5  It.  beam  load  or  l£ss)  were 
recorded  for  the  HVI  100  Neutral  oil  and  tricreeyl  phosphate,  as  shown  in 
Table  11,  Tests  LC2-446  and  449.  Inte mediate  results  were  obtained  from 
dioctyl  "styrene  'phosphonate  (Test  LC2-44?),  while  trioctyl  phosphate  and 
dioctyl  "isooctene  "phosphonate  both  approached  the  strength  limit  of  the  gear 
teeth  with  only  incipient  scoring  noted.  It  might  be  expected  that  the  more 
corrosive  materials  would  allow  higher  loads  by  forming  low  shear  strength, 
i.e.,  Extreme  Pressure,  corrosion  products  on  the  faces  of  the  gear  teeth. 
Results  of  the  Small  Scale  Oxidation  and  Corrosion  Test  (as  reported  under 
Bench  Scale  Evaluations)  which  show  trioctyl  phosphate  and  dioctyl  "isooctene  'L 
phosphonate  to  Tie  markedly  more  corrosive  than  the  other  materials  in  Table  11, 
offer  substantiation  for  the  E.P.  hypothesis. 


III.  Expansion  of  the  Evaluation  Program 

The  Motor  Laboratory  orientation  program,  prior  to  the  evaluation  of 
specific  contract  preparations,  is  currently  being  broadened  by  1)  submitting 
the  reference  materials,  in  the  neat  or  uncompounded  state,  to  a  more  diver¬ 
sified  test  program  as  indicated  in  III-26,  27  and,  2)  instituting  a  limited 
study  of  the  reference  fluids  when  used  in  conjunction  with  minor  proportions 
of  such  additive  materials  as  oxidation  and  corrosion  inhibitors,  and 
viscosity  index  improvers. 


iy 


William  E.  Vaughan 
as  Coordinator 


Appendices  A,  B  and  C 
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APPENDIX  A 

On  November  6,  1950,  a  conference  on  the  Contract  work  to  that  date 
wae  held  at  the  Office  of  Naval  Research,  Washington,  D.  C.  Present  at  the 
conference  were  the  following: 


Admiral  T. 
Me s are.  S. 

R. 

U. 


c. 


L. 

C. 

E. 

E. 

W. 

W. 


A. 

A. 

B. 
E. 
E. 
M. 
R. 
P. 
A. 

C. 
K. 
A. 
E. 
A. 


Solberg, 

Ballard, 

Fox, 

Hanoi non, 

Margolin, 

Murphy, 

Roberta, 

3chulman, 

Shinn, 


USN,  ONE,  (Part  time) 

Shell  Development  Co. 

NRL 

NHL 

AMC 

NRL 

ONE 

ONE 

ONE 


Single terry, BuAlr 

Sutherland,  Shell  Development  Co. 


lazmett,  NRL 

Vaughan,  Shell  Development  Co. 


Zlsman,  NRL 


The  past  work  was  reviewed  and  plans  for  the  future  (and  the  experi¬ 
mental  data  Justifying  the  plans)  were  discussed.  The  Navy's  representatives 
voiced  constructive  c cement  along  several  lines.  Including  the  following: 

(1)  Possible  modification  of  the  Best ian  reaction  for  use  In  synthesis; 

(2)  Correlation  of  pipe  cleaner  and  flash  point  flaamabllitiee  with  oxygen 
demand  and  spontaneous  Ignition  temperatures;  (3)  Possibilities  for  applica¬ 
tion  In  aircraft  turbine  lubricants;  (4)  Effect  of  the  most  premising  com¬ 
pounds  on  materials  of  construction  other  than  those  used  in  the  corrosion 
tests,  such  as  titanium  and  rubbers.  Another  conference  will  probably  be  held 
In  the  Spring,  1951,  as  It  was  the  consensus  of  opinion  that  the  meeting  was 
highly  profitable. 
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APPH1DU  C 


PERSONNEL 


Following  is  a  list  of  the  profeesionalpersonnel  who  have  been 
actively  associated  with  the  contract  work  of  the  quarter  covered  by  this 
report  (including  both  full-  and  part-time  participation): 

Preparations : 

S.  A.  Ballard 

R.  C.  Morris 

J.  L.  Van  Vinkle 

V.  E.  Vaughan,  Coordinator 

Bench  Scale  Evaluations: 


R.  G.  Larsen 
W.  F.  Ross 

S.  K.  Talley 
F.  J.  Watson 

Motor  Laboratory  Evaluations: 


A.  G.  Cattaneo 
A.  R.  Ieitt 
J.  E.  Weigel 

Analytical  Work: 

G.  W.  Bond 
F.  R.  Brooks 
A.  E.  O'Donnell 
E.  D.  Peters 


